, Department of General and Biochemical Toxicology and 2 Analytical Services Section, Chemical Industry Institute of Toxicology, Research Triangle Park, North Carolina 27709, USA Summary A commercially available water purification system was evaluated for its ability to minimize chemical and microbial contaminants. The reduction or removal of these impurities from the drinking water of experimental animals would reduce experimental variability. 3 strains of bacteria were collected from the processed water. An increase in the total number of bacteria was observed the longer the filters remained in use. Determinations of heavy metals in water samples before and after processing were made for lead, zinc,copper,nickel, manganese, iron, arsenic and mercury. Calcium and magnesium levels were also determined. The concentrations of these inorganic chemicals were reduced by Hie purification process except at 2 time p'oints in which desorption of the chemical could have occurred. Bacterial colonization and desorption of these chemicals were controlled by installing new filter cartridges. Volatile halocarbon concentrations were determined for water samples before and after purification. All volatile halocarbons analyzed were less than 10 ppb before and after purification at all time points. Other organic chemicals were greatly reduced by the purification process. In a study of contaminants associated with installation of the unit, it was found that flushing the unit for .8 days reduced lead and methyl ethyl ketone concentrations to insignificant levels. The purification system was found to be effective in providing high quality drinking water as verified by a microbial and chemical testing program.
In research studies utilizing animals the variable of chemical contamination of drinking water has been given little attention. The Environmental Protection Agency has reported extensive chemical contamination of both raw and treated water in various areas of the USA (Symons et al., 1975) . In limited studies, variation in drinking water quality has been shown to affect selected biological phenomena in male mice (Hall, White &. Lang, 1980) and cause reproductive failure in female mice (McKinney, Maurer, Hass & Thomas, 1976) . Received 20 June 1983. Accepted 25 July 1983.
Since the effects of all possible contaminants on animal experiments cannot be studied it was the purpose of this study to evaluate a commercially available water purification system to see if contamination could be minimized or eliminated as a source of experimental variability.
Materials and methods
Tap water samples were taken biweekly for 3 months and then monthly for 3 months before and after processing through a purification system which was connected in-line to an automatic watering system. The samples were analyzed for bacteria, and both inorganic and organic chemicals.
The purification unit ( Fig. 1 : Barnstead Co., Boston, MA, USA) was a compact, wall-mounted system which produced up to 2 l/min of Type 1 reagent grade water on demand. Type 1 reagent grade water is water that meets the highest specifications for purity by standards set by the College of American Pathologists (College of American Pathologists, 1980). The system utilized large capacity disposable cartridges which were placed in screw-in canisters with O-ring seals enabling quick and easy cartridge replacement. 2 mixedbed deionization cartridges maintained water with a specific resistance of 10-18 megaohms. A digital, temperature-compensated purity meter scaled from 0·1 to 18'3 megaohms-cm was used to determine specific resistance of outlet water. An activated carbon stage cartridge was also used for the removal of organic chemicals and chlorine. The final filter was a 0'2 Ilm filter for removal of bacteria and particulates. A pump recirculated the water within the system to maintain high purity for immediate use (Barnstead Co., 1981 ) .
To study chemical contamination associated with installation, samples were taken at the outlet port of the purification unit for 12 days after installation and determinations were made for lead and methyl ethyl ketone concentrations. The day o sample was taken immediately after installation.
Day 1 and 2 samples were taken while the unit was flushing. Day 4, 8, and 12 samples were taken after stopping the flushing process for 7 h. Approximately 3000 1 of water were flushed through the unit each day.
For microbial analysis the initial filters were used for 70 days and then new filters were installed. Then 10 ml water samples were collected in sterile tubes at 0, 3, 30,45 and 60 days. These samples were serially diluted, inoculated onto trypticase soy agar with 5% sheep blood and MacConkey's agar, and incubated at 37°C for 5 days. Individual colonies were counted and then subcultured onto sheep blood agar plates. The API 20E system (Ayerst Laboratories, Plainview, NY, USA) with additional biochemical tests was used to identify the organisms.
Heavy metal concentrations (except arsenic and mercury) were determined by collection of a 100 ml sample of water before and after processing and adjusting the pH of the sample to~2'5 with sodium hydroxide and/or nitric acid. Next 5 ml of 1% ammonium pyrrolidine dithiocarbamate (APDC) were added to the sample followed by the addition of 5 ml of methyl isobutyl ketone (MIBK). The sample was then extracted for 2 min and the aqueous (bottom) layer discarded. The methyl isobutyl ketone layer was then drained into a plastic culture tube and capped. The sample was centrifuged for 5 min and then analyzed using atomic absorption (Environmental Protection Agency, 1979a). Arsenic and mercury were determined using hydride generation and cold vapour techniques, respectively (Instrumentation Laboratory, 1980). Alkaline earth metal concentrations were determined by collection of 1 ml of water before and after processing and adding 1 ml of lanthanum chloride diluent and then diluting the sample to 10 ml with deionized H20). The sample was then vortexed for 30 seconds and analyzed using atomic absorption (Environmental Protection Agency, 1979b ) .
Volatile halocarbon concentrations in the water were determined by collection of 1 1 of water before and after processing and quenching the residual chlorine with sodium thiosulphate. The sample was extracted with 1 ml of hexane and then analyzed using gas chromatography/mass spectrometry with selected ion monitoring (Murray, 1979) .
Other organic chemical concentrations were determined by collection of 2 1 of water before and after processing, quenching the residual chlorine with sodium thiosulphate, and then making the sample basic with sodium hydroxide. The sample was then continuously extracted with methylene chloride, the extract was concentrated to about 2 ml, and analyzed using gas chromatography/mass spectometry. Next, the aqueous layer of the sample was acidified with sulphuric acid and continuously extracted with methylene chloride. The methylene chloride extract was concentrated to about 2 ml and analyzed using gas chromatography/mass spectometry (Federal Register, 1979) .
Results
Members of 3 genera of bacteria were collected from the processed water. They were Pseudomonas acidovorans, Achromobacter spp., and CDC Group IV C-2. An increase in the total number of bacteria was observed the longer the filters remained in use (Table 1) .
47 points after processing. The highest concentration of iron before purification was 0'25 ppm. Arsenic concentrations were <0,0025 ppm before and after processing. Mercury concentrations were <0·25 ppb before and after purification. The highest concentrations of calcium and magnesium before purification were 13'21' ppm and 1.89 ppm, respectively. After purification the concentrations of both calcium and magnesium were less than 1 ppm.
Volatile halocarbon concentrations were determined from water samples before and after purification. All volatile halocarbons analyzed were less than 10 ppb before and after purification at all time points. Chloroform was found in trace amounts (0-10 ppb) while levels of trichloroethylene, bromoform, 1,2-dichloroethane, 1,1, 2,2-tetrachloroethane, 1,1,1 ,2-tetrachloroethane, ethylene chloride, 1,1 ,I-trichloroethane and tetrachloroethylene were negligible. Other organic chemicals were greatly reduced by the purification process as illustrated by chromatograms in Fig. 2 of water samples before and after processing. These organic chemicals were not identified because of Water samples collected before and after processing were analyzed for lead, zinc, copper, nickel, manganese, iron, calcium, magnesium, arsenic and mercury ( Table 2 ). The highest concentrations of lead, zinc and copper before purification were 0'05 ppm, 0-80 ppm and 0'43 ppm, respectively. After processing, the concentrations of lead, zinc and copper were reduced to less than 0,0 1,0'05 and 0,005 ppm, respectively, except at week 16, when the lead concentration was 0,055 ppm and copper was 0'059 ppm, and at week 20, when lead was 0,0 IS ppm. Nickel concentrations were less than 0,005 ppm before and after processing. Manganese concentrations were less than 0'005 ppm before processing. The highest concentration of manganese was 0,06 ppm after purification. Iron concentrations were reduced to <0'0 I ppm at all time their low concentration and the fact that the purification system removed most of them.
In the study of contaminants associated with installation, the amount of lead was highest at the initial time point (0'05 ppm) and was reduced to <0·005 ppm at the termination of the flUShing process. The methyl ethyl ketone level was 16'90 pg/ml on day 4 after installation. After flushing for 12 days the concentration was reduced to 0·1 0 pg/ml (Table 3) .
Discussion
A recent survey of water,processing and distribution systems in animal facilities illustrated a wide variation in the types of water purification systems used (Novak, 1982) . Various processing methods mentioned in the survey included reverse osmosis, ..••....• ....-4....-1....-4 •....••....••....••. ..••....••....•.....•.....•.....•.....••....••. ..•~00""000000
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•.. deionization, microfiltration, granular activated carbon (CAC), chlorination and acidification. Because reverse osmosis systems often are technically labour intensive, a purification system which utilizes disposable deionization, CAC and microfiltration cartridges was selected for use. A chlorination system was not used since drinking water may contain organic chemicals and chlorination could result in the production of various chlorinated hydrocarbons of which some are carcino-genic (Bellar, Lichtenberg & Kroner, 1974; Newall, 1980) . Chlorination of drinking water in rodent studies should also be considered as a potential source of variation in immune responses (Hermann, White & Lang, 1982) . In addition neither chlorination nor acidification reduces chemical variation in water. The Nanopure™ purification system processed tap water to yield a water supply with a minimum of chemical contamination.
After installation, flushing the unit for 8 days reduced lead and methyl ethyl ketone, primary ingredients in compounds used to join copper and PVC piping respectively, to insignificant amounts. The digital purity meter was used as an indicator for necessary filter changes. Effective cartridge life (specific resistance of 10-18 megaohms) was found to be approximately 2 months. Testing of the water when cartridges were not changed during low purity meter readings did not reveal any suspected contaminants, although lead concentrations were noted to be higher in purified water at week 16 which was 10 days prior to a filter change as indicated by the purity meter. Manganese levels were also higher in purified water at week 2 than in incoming water. Desorption or 'sloughing off' of this chemical could have occurred from the filters (Shapiro, 1980) . Although bacteria were cultured from the processed water, microbial colonization was greatly reduced at the filter changes. The bacteria isolated from the water are rarely observed in clinical specimens, though there are reports on the recovery of these organisms from blood, cerebrospinal fluid, and abscesses (Gilardi, 1978) , so they are potential pathogens.
Although their natural habitat is uncertain, like many other Gram-negative non-fermentative bacteria they are probably associated with an aqueous environment, having been recovered from water, sewer and soil samples. Extensive culturing of the gut flora of animals supplied with purified water containing these organisms has not resulted in isolation of any of them. 
